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1) It often contributes towards patient non-compliance and discontinuation of the pharmacological treatment.
2) Weight gain may also contribute to comorbidities such as hypertension, coronary heart disease, diabetes, and stroke. 3, 4) Weight gain is also a relatively common problem during both acute and long-term treatment with antidepressants. It appears that tricyclic antidepressants (TCA) may be more likely to cause weight gain as compared to selective serotonin reuptake inhibitors (SSRIs), a class of antidepressant widely used in clinical practice. 5, 6) Among them amitriptiline, doxepin, imipramine, trimipramine, maprotiline, nortriptyline, and clomipramine are reported to cause marked weight gain. 2) TCA may affect appetite by blocking the reuptake of serotonin and noradrenaline. Serotonin is recognized to have an influence on food intake and macronutrient selection. 7, 8) Noradrenaline has also been shown to have an effect on food intake that opposes the effects of serotonin, but its effects on macronutrient selection are not clear. 7, 9, 10) TCA may also affect appetite by blocking histaminergic (H1) pathways. 11) However, the mechanisms underlying the weight gain induced by antidepressants treatment have yet to be understood. In clinical studies, it has been found that antidepressant drugs alter nutrient selection, inducing in particular a preference for high-carbohydrate or sweet foods. [12] [13] [14] Early efforts to model these effects in rats have led to contradictory results. For example, it has been shown that acute systemic injections of clomipramine selectively enhance carbohydrate intake. 15) On the other hand, it has been reported that food intake was initially and significantly decreased by desmethylimipramine treatment but this effect progressively returned towards pretreatment levels over the course of the drug administration (30 d). 16) Such discrepancies may be related to brain monoamine receptor neuroadaptations following chronic treatment with antidepressants. [17] [18] [19] [20] [21] Nobrega and Coscina 22) evaluated the effects of the chronic treatment with two other TCA, amitriptyline and desipramine on food selection. They showed that desipramine decreased food intake and body weight, while amitriptiline did not change food intake and body weight or slightly reduced them in comparison to vehicle-treated controls. However, strict macronutrient protocols (using separate sources of pure macronutrients) have rarely been tested in rats following the chronic treatment with TCA. Therefore, it remains unclear whether this class of antidepressants change macronutrient selection and weight gain in rats. Given that and there is only limited evidence on the effects of TCA on macronutrient selection especially over long periods of drug treatment, the present study was carried out to explore the effects of chronic treatment with clomipramine (CMI) on food intake, macronutrient selection and body weight in male rats allowed to self-select among macronutrients. The development of animal models is crucial to investigate the underlying neural mechanisms involved the weight gain produced by antidepressants drugs. Clomipramine was chosen for the present study due to the following reasons: (i) it has high potential to induce weight gain 2) ; (ii) it is a reference drug for treatment of emotional disorders such as obsessive-compulsive disorder and panic disorder 23) and (iii) it has been widely used for treatment of psychiatric disorders as well as in clinical researches in Brazil [24] [25] [26] [27] [28] and recent evidence from our research group has indicated that CMI induces weight gain in healthy volunteers (results not published). 
Effect of Chronic

MATERIALS AND METHODS
Animals and Diets
Twenty-eight male adult Wistar rats weighing 230-250 g were used. Animals were housed in individual cages under controlled temperature (22Ϯ1°C) and constant 12 : 12-h light/dark cycle with lights on at 7:00 a.m.
The experimental procedures carried out in this study comply with the norms of the Brazilian Neuroscience and Behavior Society (SBNeC) that is in accordance to US National Institutes of Health Guide for Care and Use of Laboratory Animals.
A Diet Scan data acquisition system (Insight ® , Brazil) connected to a PC was used to record food consumption. The system consisted of five individual acrylic cages (40ϫ40ϫ 40 cm) equipped with electronic balances for each macronutrient-rich diet (see diets composition in Table 1 ). A food tray was placed on each balance and filled with a macronutrientrich diet. Rats had access to the food through 3 circular sets of 5 holes (3.5 cm diameter) on the cage's floor, and to water through a drinking bottle. Each circular set has an edge of 1.0 cm height to prevent that animals spill food out the circular sets. The macronutrient's trays were replaced daily with fresh food and placed in the experimental cage in a different position to avoid any place preference. To ensure minimal disturbance to the animals during the active dark period, delivery of fresh food, body weight measurements, cleaning of cages, and resetting the Diet Scan system were scheduled daily between 10:00 a.m. and 11:00 a.m. Food intake was measured in 30-min intervals across 23 h (starting at 11:00 a.m.) and the data were automatically recorded by the Diet Scan data acquisition system.
Rats were randomly divided into four groups; Saline (nϭ7); CMI 3 mg/kg (nϭ8), CMI 10 mg/kg (nϭ7), and CMI 30 mg/kg (nϭ6). Animals were provided ad lib with water and the three macronutrient-rich diets. Protein-rich diets were offered in a granular form, which were prepared by adding a fixed amount of water to powdered casein (50 ml water to 100 g protein diet). The mixture was then stirred to obtain a granular consistency. Granular diets were left to dry overnight. Weights of granular diet were checked in the following day to ensure that granular diet weights were similar to the weight of the powder diets before the addition of water. 29) Carbohydrate and fat diets were offered respectively in a powder and paste form.
Experimental Design and Treatment Animals were transferred to the laboratory and allowed a 5-d period to adapt to the laboratory conditions and diets. Animals that had failed to gain weight during this period were excluded from the study. The experimental procedure consisted of three phases: a) pre-treatment: macronutrient intakes were recorded during three consecutive days before the beginning of drug treatment; b) treatment: on the fourth day, the drug treatment started. Animals received i.p. injections of saline or CMI (3-chloro-10,11-dihydro-N,N-dimethyl-5H-dibenz-[b,f]azepine-5-propanamine hydrochloride, Tocris, U.K.), (3, 10 or 30 mg/kg) during 27 consecutive days. Food intake was recorded daily for three consecutive days, namely 7th-9th; 16th-18th and 25th-27th days. In the other days, animals were individually housed in their home-cages and were fed with commercial nonpurified stock diet (Purina Rat Laboratory Chow); c) Post-treatment: from 28th to 33rd days, animals were kept in their home-cages with the same commercial diets described above. On the 34th day they were transferred to experimental cages and food intake was recorded daily for 3 d (34th-36th). The whole experiment lasted 44 d. Results were expressed as average of food intake for each block of 3 d [i.e. pretreatment (1 block); treatment (3 blocks) and post-treatment (1 block)]. CMI solution was kept frozen and fresh solutions were prepared and injected intraperitoneously daily at 17:00.
Statistical Analysis Macronutrient intakes were converted to kilocalories and expressed as meanϮS.E.M. All results (body weight and food intake) were initially submitted to Levene's test for homogeneity of variance. When appropriate, the data were log transformed and then analyzed by ANOVA (as described below). When Levene revealed statistical significance for the log-transformed data, data were analyzed by Kruskal-Wallis test followed by Dunn's test. Macronutrient intakes were analyzed by a 4ϫ5 analysis of variance (ANOVA) for repeated measures (i.e., drug treatment (CMI 0, 3.0, 10, 30 mg/kg) as independent factor and blocks of food measurements (pretreatment (1 block), treatment (3 blocks) and post treatment (1 block)) as dependent. When a significant main effect was detected, the F test for contrasts between pair of means was used for post hoc comparisons. In all cases, a p value Յ0.05 was considered significant. Figure 1 shows body weight gain throughout the experiment. ANOVA revealed a significant main effect of treatment [F (3, 24) of CMI increased the caloric intake on 16th-18th-day block, the highest dose (30 mg/kg) decreased food intake at the 7th-9th, 16th-18th and 25th-27th blocks of the treatment phase when compared to saline. The other blocks did not show statistical significant differences.
RESULTS
Body Weight
Intake of Macronutrient-Rich Diets Figure 3 illustrates the average energy intake from each macronutrientrich diet during the pre-treatment, treatment and post-treatment phases. For carbohydrate intake, ANOVA revealed a significant main effect of treatment [F(3, 24) Food Intake in Dark and Light Phases during 16th-18th Day Block Since CMI caused opposite effects on total food intake during the 16th-18th day block (see Fig.  2 ), a detailed analysis of the specific treatment effects was performed. Thus, the percentages of total energy intake (%E) and total kcal consumption either in the light or dark phases were analyzed. ANOVA revealed a significant main effect of treatment (Table 2) for caloric consumption [F(3, 24)ϭ9. 25, pϭ0 .002] during the dark phase. Contrast comparisons revealed that 3 mg/kg and 30 mg/kg of CMI, respectively, increased and decreased total energy consumption (i.e. the caloric sum of the three macronutrients) when compared to the saline group. Such reduction of caloric consumption seemed to be due to the drug effect on carbohydrate intake, since CMI 30 mg/kg significantly decreased this diet intake when compared to the saline group (see Table 2 ).
DISCUSSION
This study demonstrated that chronic treatment with CMI significantly decreased body weight gain and energy intake. Reduction of total energy intake was markedly related to a decrease in the intake of carbohydrate-rich diet. An expected increase in food consumption followed by chronic treatment with CMI was not confirmed in the present study, since only the lower dose of this TCA increased total energy intake, an effect that was observed during a single block (16th-18th day) of drug treatment.
Considering food intake during pre-treatment period, the present results corroborate previous findings showing that rats consume more food during the dark phase than in the light period. 30, 31) Food intake was significantly higher in the dark phase than in the light phase during pre-treatment (65.9Ϯ2.2 kcal vs. 15.1Ϯ2.2 kcal, pϽ0.001), which corresponds to 81.3% and 18.7% of ingested calories, respectively. In fact, carbohydrate diet was preferentially consumed when compared to protein and fat diets throughout the experiment (see Fig. 3 ). This result corroborates previous studies showing that rats choose a large amount of calories as carbohydrate-diet in self-selecting paradigms. 31) However, there are also conflicting data with reports showing that rats distributed their daily caloric intakes equally eating nutrients in a way that each one represents one third of daily calories. 30) Moreover, it has been shown that rats select macronutrients by consuming more fat and protein diets than carbohydrate diet. 32) Such discrepancies may be related to the fact that food choice varies with the type of macronutrients used in the diet, the number of available choices and the sensorial and hedonic aspects of the food. [33] [34] [35] Casein was used as the protein source in present experiment and in previous studies. [36] [37] [38] Although we have used it in a granular preparation, a form that has been suggested to be more readily acceptable by rats, 29) our results showed a small amount of protein intake. It has been demonstrated 31, 39) that protein intake is more tightly regulated than fat or carbohydrate intake. Moreover, under a dietary self-selection regimen rats are more likely to develop conditioned aversion to the protein source than the carbohydrate source. 40) Fat intake was also low when compared to previous studies. 32, 41) It is important to note that protein and fat intake displayed by rats in this experiment was lower than that observed in humans. In human beings, protein intake is limited to 15-20% while lipids provide up to 40% and carbohydrate up to 50% of macronutrient intake. 42, 43) When establishing the protocol of the dietary self-selection, we anticipated that CMI-induced neuroadaptations might affect food intake and increase the preference for carbohydrates, a mechanism that could be related to the increase in caloric intake, carbohydrate craving, and body weight gain in humans treated with CMI. However, in the present study, chronic administration of CMI at the highest dose (30 mg/kg) resulted in a consistent decrease of total energy intake, an effect likely related to a reduction of carbohydrate intake during the early dark phase (see Fig. 4 ). This short period effect of CMI could be related to its pharmacokinetics in rats. Fujita et al. 44) demonstrated that CMI half-life is about 4 h. Weigmann et al. 45) also investigated the pharmacokinetics of CMI and its active metabolite desmethylclomipramine in rats. They showed that maximal concentrations of CMI and desmethylclomipramine occurred at 2-3 h following oral administration. Serum and brain half-lives were similar in serum and brain with 7.8 and 6.2 h for CMI and 5.5 and 5.0 h for desmethylclomipramine. Thus, CMI might produce more consistent acute effects in procedures involving twice i.p. drug administration a day or by mixing it with food. Nevertheless, although other TCA (e.g. imipramine and desipramine) also present short intracerebral half-lives, 46, 47) must be emphasized that when given once or twice a day for 14 d they are present in the brain for the whole interval between injections at concentrations sufficient to inhibit noradrenaline and serotonin uptake. 48) In contrast, the lowest dose (3 mg/kg) induced a significant, but transient, increase in total caloric intake. This result was observed in the 16th to 18th day of CMI treatment, an effect that was neither macronutrient-specific nor followed by body weight gain (Table 2) .
Although it has been shown that acute injections of CMI increase carbohydrate intake 15) most studies concerning longterm administration of TCA have shown either no changes or a reduction of food and carbohydrate intake. Indeed, a more detailed analysis showing the effects of desmethylimipramine on food intake has revealed that this TCA initially reduces food consumption, but losses its effects over a long-term treatment (30 d) with animals returning food intake towards pretreatment levels.
16) Nobrega and Coscina 22) showed that despite manipulations such as drug dosage, route and regime of administration, diet composition and palatability, animal gender and housing conditions, chronic treatments with TCA did not increase food intake or rates of weight gain in rats. The food intake reduction and weight loss observed in CMItreated animals may be related to the selectivity of this TCA in blocking serotonin reuptake. 49) In fact, selective serotonin reuptake inhibitors were thought to induce weight loss rather than weight gain in patients without psychiatric disorders.
2)
Thereafter, it is relevant to identify the mechanisms by which CMI decrease food intake and body weight. However, it must be emphasized that CMI effects on body weight and food consumption observed in the present study were obtained only with the highest dose (30 mg/kg). At 30 mg/kg/d, CMI may be toxic for rats. Thus, both reductions on food intake and body weight are likely related to the drug toxicity. The recovery in total energy intake observed after drug treatment period (see Fig. 2 ; group CMI-30 mg/kg) seems to corroborate this hypothesis.
In conclusion, the use of macronutrient self-selection protocol in this study provided results that corroborate previous findings demonstrating that chronic treatment with TCA does not increase food consumption and body weight gain in experimental animals. 16, 22) It has been demonstrated that chronic treatment with tricyclic antidepressants elicit brain monoamine receptor adaptations. [17] [18] [19] [20] [21] However, present results suggest these possible neurochemical changes neither influence food consumption nor body weight gain. In addition, the present results do not support clinical findings, which have indicated that long-term treatment with TCA can induce body weight gain and carbohydrate craving in a significant proportion of patients. Further studies, particularly those resembling human regimen of macronutrient intake, should be designed to examine the mechanisms by which TCA like CMI affects macronutrient consumption. Moreover, besides affecting serotonergic and noradrenergic neurotransmissions CMI also binds to other receptors such as H1 and muscarinic receptors. Thus it is also relevant to investigate the mechanisms by which this TCA affects food consumption.
